The Lepidopterological Society of Japan 


ikek Trans. lepid. Soc. Japan 52 (4): 279-287, September 2001 


Effect of light irradiation on blue-green coloration of larval integument 
and adult wing in the butterfly Graphium sarpedon (Lepidoptera, 
Papilionidae) 


Yoshiomi KATo and Hiromi YAMADA 


Department of Biology, International Christian University, 
3-10-2, Osawa, Mitaka, Tokyo, 181-8585 Japan 


Abstract Blue-green coloration in larval integument and adult wing of Graphium sarpedon 
and some pigments responsible for the coloration were investigated in various light conditions. 
When larvae were reared under high intensity (5,000 lux), the integument became green in color 
while it was yellow when the larvae were reared in darkness. The degree of green coloration 
depended on the intensity and period of irradiation. Blue-green coloration of the band region 
on the adult wing was also induced by light irradiation during adult development. Without 
irradiation, color of the band region was pale-yellow. In the larval integument as well as the 
adult wing of light-irradiated animals, blue pigment was found as a form of protein binding, and 
it seems to be sarpedobilin, which has been known as a kind of neopterobilin. These observa- 
tions strongly suggest that light stimulates the accumulation of sarpedobilin in each tissue of G. 
sarpedon. 
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Introduction 


The papilionid butterfly Graphium sarpedon (L.) is widely distributed in south-western Japan 
and neighboring South-East Asia (Fukuda et al., 1982). Adults of this species occur several 
times per year, and the larvae use a camphor tree Cinnamomum camphora and related species 
of Lauraceae as host plants. Full-grown larvae are green in color, and may be cryptic on the 
leaves of host plants. Wings of the adult have blue-green bands with dark ground-color, and 
it is known among Japanese lepidopterologists that newly eclosed adults need to be exposed 
to sun light for the blue-green coloration of their wings. If enough light is not given at the 
eclosion, color of the wing band remains pale blue-green. 


In general, green coloration of insects is due to the presence of blue bilins together with yellow 
carotenoids (Kayser, 1985). These pigments are usually associated with proteins in their 
hemolymph and integument. It was recently reported in some saturniid species that light 
irradiation induces green coloration of the larval integument and cocoon (Kato et al., 1989; 
Kato, 1991; Kato and Miyata, 1994). If the larvae are reared in darkness, color of the 
integument and/or cocoon is yellow. Chemical analyses revealed that light stimulates the 
accumulation of blue bilin in such tissues. 


The present study reports effects of light irradiation on the blue-green coloration of larval 
integument and wing in G. sarpedon. Blue pigment and its binding protein responsible for 
the blue-green coloration are also investigated. 
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Materials and methods 


Insects 


Eggs and Ist-instar larvae of G. sarpedon were collected from C. camphora trees at Chofu-shi, 
Tokyo. Larvae were reared in transparent plastic cups (11 cm in diameter and 6.5 cm in 
depth) under a photoperiod of 16L-8D at 25°C. Leaves of C. camphora were mainly 
supplied as larval food. Leaves of C. japonicum and Machilus thunbergii were also used. 


Light irradiation 


Larvae were irradiated with light of various intensities (5,000 lux to darkness) during the light 
phase of 16L-8D. In some experiments, larvae were exposed to a light intensity of 5,000 lux 
and then transferred to darkness, or vice versa. For examining the influence of light 
irradiation on wing coloration, pupae kept in 5,000 lux and darkness at larval stage were 
divided into two groups, and each group was kept under 5,000 lux or darkness. On 1 day 
after adult eclosion, adults were killed by being put into a freezer. As light source, white 
fluorescent tubes (National, FL SUE/37) were used. For obtaining the desired intensity of 
light, the distance from light source to the rearing cups was changed. Light intensity was 
measured at the top level of the cups. Manipulation of the larvae reared in darkness was 
carried out under a photographic safety-lamp in the dark room. 


Evaluation of integument and wing coloration 


To score coloration of larval integument, Sth-instar larvae were dissected on the 3-4 days after 
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Fig. 1. Effect of light intensity on the greenishness in the larval integument of Graphium 
sarpedon. Values are median +SD. Numbers in parentheses show sample size. 
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Fig. 2. Larvae and adults of G. sarpedon. (A) Third instar larvae kept in 5,000 lux (left) and 
darkness (right). (B) Last instar larvae kept in 5,000 lux (below) and darkness (above). 
(C) Adults kept in 5,000 lux (left) and darkness (right). 


last larval ecdysis, and their internal tissues involving the gut content were removed because 
the color of the larval integuments themselves can be clearly identified. After washing with 
tap water, integuments were expanded on filter paper. Color of the integuments was scored 
into four scores according to the extent of green coloration. Score 3 represents most green 
coloration while score 0 represents most yellow. Intermediates were scored as 1 or 2 
depending on the degree of greenishness. For adult wings, color of the band region was 
classified into two grades: blue-green and yellow. 
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Extraction and purification of blue proteins and pigments in larval integument and adult 
wing 


Pigments were extracted in the protein-bound form, and then liberated from the chromo- 
protein in the acidic condition. 


Fifth-instar larvae (3-4 days after last larval ecdysis) and adults (1 day after adult eclosion) 
reared under 5,000 lux were used in the chemical analysis since blue pigments were absent in 
the animals kept in the darkness. 


Larvae were dissected, and their midgut and other internal tissues were removed. The 
epidermis was scraped with forceps, and immediately put into plastic tubes in an ice bath. 
For the adult wing, part of the band region was cut out with fine scissors. These samples 
were stored at —20°C until use. 


The epidermis and wing tissue were ground with 10-fold phosphate buffer (10 mM; pH 7.4) 
and sea sand in a mortar. Each extract was filtrated and centrifuged at 1,000 r.pm. for 10 
min at 4C to remove cellular debris. The supernatant was used as the crude extract. 


The extracts from larval epidermis and wing were subjected to a gel filtration. Two ml of 
the epidermis extract was applied to a column of sephacryl S-300 (2.5 x 30 cm; Pharmacia) 
equilibrated with 10 mM phosphate buffer (pH 7.4). Elution from the column was carried 
out using the equilibration buffer at a flow rate of 0.5 ml per minute. The fractions of 1 ml 
were collected and monitored at 280 and 670nm. Three ml of the wing extract was also 
chromatographed. 


To obtain pigments themselves, the peak fractions were pooled and referred to as the 
chromoprotein samples. The chromophores were liberated by the treatment of the samples 
with 0.1% trifluoroacetic acid (TFA) in 80% organic solvent (methanol or acetonitril). 


Molecular weight determination of blue proteins 


The column of sephacryl S-300 column was calibrated for the elution position of two 
standard proteins, i e. catalase (Mr=230,000) and bovine serum albumin (BSA) (Mr= 
67,000). 


Measurement of absorption spectra 
Absorption spectra were measured in ultraviolet and visible ranges using a spectrophotometer 


(Shimadzu, UV-240). 


Results 


Effect of light intensity on green coloration of larval integument 


When larvae were reared under light of high intensity (5,000 lux or 500 lux) from first instar 
to fifth instar, the integuments were green in color (median=3) (Fig. 1) (median=3 each). 
Integuments of the larvae reared in darkness were yellow (median=0). Integuments of the 
larvae reared under low intensity (50 lux) were greenish yellow (median= 1). 
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Fig. 3. Green coloration of larvae transferred from darkness to 5,000 lux or vice versa at various 
stages. L: 5,000 lux. D: darkness. Roman numerals show number of larval instar. 


Outline of color change through larval instars under 5,000 lux or dark condition 


First and 2nd instar larvae were dark brown in color, irrespective of the lighting conditions 
given. When larvae reached the 3rd instar, a difference in body color began to appear 
between the lighting conditions (Fig. 2A). Under 5,000 lux, larvae gradually increased the 
degree of greenishness toward 5th instar, while under darkness body color of larvae were 
brownish yellow throughout later larval stage (Fig. 2B). For the larvae kept in darkness, 
body color of the living larvae appeared more brownish than the color of the integuments 
themselves because living larvae have dark-brown contents in the gut. 


Effect of larval transfer at various stages from darkness to 5,000 lux or vice versa 


The results are shown in Fig. 3. When the transfer from darkness to 5,000 lux was done on 
the day of ecdysis into 3rd instar, or into 4th instar, integuments of all or most larvae were 
green (median=3) as in control larvae. When the transfer was done on the day of ecdysis 
into Sth instar, score of the integuments was 2.5. On the other hand, following the transfer | 
from 5,000 lux to darkness, level of greenishness was maintained as the timing of the transfer 
was late. Score was 0, 1 or 2 when the transfer was done on the day of ecdysis into 3rd instar, 
into 4th instar or into 5th instar, respectively. | | 


Effect of light irradiation on blue-green coloration of a wing 


Lighting conditions (5,000 lux and darkness) given at larval stage did not influence coloration 
of the band region on a wing. When pupae were kept in 5,000 lux, resulting adults showed 
blue-green coloration on wings (V=5 each) while in darkness the adults had yellow 
coloration (V=5 each). Fig. 2C shows specimens kept in 5,000 lux and darkness. 


Blue and yellow components from larval integument 


The main blue fractions (nos 26 and 27) were found. from the epidermis of larvae exposed to 
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Fig. 4. Absorption spectra of the purified blue protein (A) and chromophore (B) from larval 
integument, and of the blue protein (C) and chromophore (D) of adult wing. The 
spectra of the chromophores were measured in the acidic condition. 


the light. The peak fraction had two absorption maxima, one at 280 nm and the other at 
660 nm with a shoulder at 600 nm. Fig. 4A shows the absorption spectrum of the purified 
fraction in the visible range. The molecular weight of the chromoprotein was estimated as 
to be 35,000 (Fig. 5). After treatment with TFA and methanol, the pigment was liberated 
from the apoprotein. The spectrum of the pigment itself had one peak at 655 nm with no 
shoulder (Fig. 4B). 


The extract of larval epidermis had an absorbance in the range of 400-500 nm, which is 
characteristic of yellow carotenoid. In the gel chromatography, the yellow component eluted 
somewhat faster than the blue component, indicating association with protein. Here yellow 
component was not analyzed in detail. 


Blue components from adult wing 


Nos 24 to 26 of the fractions from the wing of light-exposed adults were blue. Absorption 
spectrum of the fraction had two peaks at 280 nm and at 662 nm, indicating the presence of 
chromoprotein. The molecular weight of this blue protein was estimated to be 32,000 (Fig. 
5). Fig. 4C shows the spectrum of the chromoprotein in the visible range had a satellite peak 
at 600 nm. On the other hand, the spectrum of the pigment liberated from apoprotein had 
660 nm with a shoulder around 620 nm (Fig. 4D). In the wing extract, yellow pigment was 
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Fig. 5. Estimation of molecular weights of the purified blue proteins (BPs) from larval integu- 
ment and adult wing, together with marker proteins. 


not impossible to detect, perhaps because of its very small amount, or for some other 
unknown reasons. 


Discussion 


The present experiments revealed that light irradiation induces green coloration of the larval 
integument in G. sarpedon. In particular, as the irradiation period was longer, the degree of 
the greenishness was higher. For adult wings, effect of light irradiation on blue-green 
coloration of the band region was demonstrated experimentally. Chemical analyses showed 
that blue pigment, which is associated with apoprotein, is accumulated in the larval integu- 
ment and adult wing when the animal is irradiated. Therefore, light contributes to the 
blue-green coloration of the larval integument and adult wing through the accumulation of 
blue pigment. 


In insects, many studies have been done for color changes that depend on environmental cues 
(Fuzeau-Braesch, 1972, 1985). We have reported the light-stimulated green coloration, which 
is due to the accumulation of blue pigments in some saturniid moths, e. g. Antheraea 
yamamai (Kato et al., 1989; Kato, 1991) and Rhodinia fugax (Kato and Miyata, 1994). It 
is worth noting that a similar phenomenon occurs in G. sarpedon, since this butterfly is 
taxonomically far from the species of Saturniidae. It is speculated that this light-dependent 
green coloration might have arisen separately at least twice during the evolutionary process. 


The present analyses clearly demonstrated that blue pigments from larval epidermis and adult 
wing of G. sarpedon are associated with proteins. This is similar to blue proteins from other 
lepidopteran species; e. g. Manduca sexta (Goodman et al., 1985), Pieris brassicae (Huber 
et al., 1987), Heliothis zea (Haunerland and Bowers, 1986), Antheraea yamamai (Saito et al., 
1999) and Rhodinia fugax (Saito, 2001). In G. sarpedon, although the molecular weight 
(Mr. 32,000 and 35,000) slightly differed between two proteins from integument and wing, 
further analyses are needed to clarify whether this difference is real. 
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Blue pigment involved in G. sarpedon wings has been identified as sarpedobilin, a kind of 
bilin pigment (Vuillaume and Barbier, 1969; Choussy and Barbier, 1973). The present 
experiments showed that the blue pigment is identical between the larval integument and 
adult wing, and that the pigment is photometrically identified as sarpedobilin, judged from 
the absorption maximum of approximately 660 nm in the acidic condition. This contrasts 
with the case of R. fugax where the blue pigments differ between the larval integument and 
cocoon (phorocabilin and sarpedobilin, respectively) (Kato and Miyata, 1994; Saito, 2001). 


Barbier (1981), and Bois-Choussy and Barbier (1977) demonstrated that photochemical 
transformation of biliverdin IXy to sarpedobilin occurred in in vitro condition, but this 
phototransformation was not proved in in vivo condition, as Kayser (1985) stated. We 
revealed that light stimulates the blue-green coloration via the accumulation of sarpedobilin, 
and that sarpedobilin exists associated with protein. Although biliverdin IXy (blue pig- 
ment) was proposed as a candidate as the precursor of sarpedobilin (Barbier, 1981), it was not 
detected in unirradiated individuals of G. sarpedon or in those of A. yamamai (Kato et al., 
1989; Saito et al., 1999). So we believe an unknown different pathway exists for light- 
stimulated synthesis of sarpedobilin in the in vivo condition. 
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摘 = 
アオ スジ アゲ ハ に お ける 幼虫 度 膚 及び 成虫 凌 の 青 緑色 化 に 対す る 光照 射 の 効果 (加藤 義 臣 ・ 山 田 
弘 生 ) 


アオ スジ アゲ ハ の 幼 虫 皮膚 及び 成虫 次 の 青 緑色 化 に 対す る 光照 射 の 効果 , 並び に その 色彩 に 関与 する 
色素 の 性 質 を 調べ た . 


昧 化 後 幼虫 を 5,000 lux の 光 条 件 下 で 飼育 し 5 齢 期 で 調べ た と ころ , 幼虫 の 皮膚 は 緑色 と な っ た . 一 方 
暗 条 件 下 で 飼育 する と 幼虫 の 皮膚 は 黄色 を 星 し た . 皮膚 の 緑色 の 程度 は 照射 強度 と 照射 期間 に 依存 し 
た . 成虫 次 に つい て は , 5,000 lux OSES CHE OM SMELL OA, 次 の 帯 は 青 緑色 と な っ た が , 
暗 条 件 の も と で は 淡い 黄色 と な っ た . 


光照 射 し た 幼虫 の 皮膚 と 共に 成虫 の 好 を 分 析 し た と ころ , 青色 色素 が 見 い 出さ れ た が , 両者 は いずれ 
も 分 子 量 3 万 2 千 -3 万 5 千 の た ん ば く 質 と 結合 し て いた . アオ スジ アゲ ハ の 送 の 青色 色素 は サー ペド 
ビリ ン と 命名 され て いる (Vuillaume and Barbier, 1969) 28, 本 研究 に お いて 見 出し た も の も 吸収 曲線 
な どの 特徴 か ら 同 一 色素 と 判断 され る . 


これ ら の 結果 か ら 光 は アオ スジ アゲ ハ の 幼 下 皮膚 と 成虫 凌 に お いて サー ペド ビリ ン の 甘 積 を 誘導 する 
こと が 強く 示唆 され る . 
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